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Introduction
While dementia patients are sometimes assessed using only cognitive function tests such as the Mini-Mental State Examination (MMSE) [1] and the revised version of Hasegawa's Dementia Scale (HDS-R) [2, 3] , it has become increasingly important to evaluate other aspects of the disease, such as behavioral and psychological symptoms of dementia (BPSD), typically measured using the Neuropsychiatric Inventory (NPI) [4] , and activities of daily living (ADL) function, often measured using the Disability Assessment for Dementia (DAD) [5] . However, conventional neuropsychological assessments are designed to target either BPSD or ADL function, not both, and for a long time, few instruments were available to measure both aspects together with cognitive function in an integrated way [6] . Moreover, evaluators must receive professional training to be able to administer tests like the NPI and the Clinical Dementia Rating (CDR) [7] properly.
The CDR uses a 5-point rating system to assess dementia on six domains: memory, orientation, judgment and problem-solving, community affairs, home and hobbies, and personal care. An algorithm is used to combine the individual ratings in each of the six domains to obtain a Global CDR score, where a CDR score of 0 indicates normal cognition and CDR scores of 0.5, 1, 2, and 3 indicate questionable/very mild, mild, moderate, and severe dementia, respectively. Despite its high reliability and continued use for over 30 years throughout the world, the scale has not been used much in daily clinical practice in Japan.
Therefore, the field requires an easy-to-use scale for diagnosing Alzheimer's disease (AD) which can be employed not only by dementia specialists but also by nonspecialists. One proposed solution is the Relevant Outcome Scale for Alzheimer's Disease (ROSA) [8] . Developed in Germany, this 16-item, 21-point instrument can comprehensively assess a patient's cognitive function, ADL function, BPSD, communication ability, and quality of life in approximately 15 min. However, the ROSA requires changing the scenario according to stage (i.e., for early-, middle-, and later-stage AD). Therefore, its administration requires the evaluator first to establish the severity of a patient's AD using other objective indices, thereby complicating its use in clinical practice. The requirement of training makes the tool even more cumbersome, and training-related materials do not provide clear guidance on how to interpret the nonintuitive scores (e.g., 8.5 points) possible on this 21-point scale. For these reasons, the authors formed a study group to develop a dementia rating scale that can overcome the limitations of the ROSA.
The development of the ABC Dementia Scale (ABC-DS) involved a 3-step process from 2014 to 2016. In step 1, dementia specialists developed the questions and responses for the 17 items. In step 2, the construct validity, subjective group discriminability, and interrater reliability of the question items were examined using data from 545 patients (manuscript in preparation). These revisions resulted in a new, 13-item version of the ABC-DS. The details of this development will be reported in another paper. In this paper, we report its concurrent validity with other standard dementia assessment scales (i.e., the MMSE, NPI Caregiver Distress Scale [NPI-D], DAD, and CDR), intrarater reliability, and responsiveness to change over a 12-week interval and discuss its utility for a quick diagnosis in medical practice using the total score.
Subjects and Methods

Participants
Participants were patients examined at 22 clinics and hospitals across Japan who had been diagnosed with (1) AD based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th edition, text revision (DSM-IV-TR) [9] , (2) probable AD based on the criteria of either the National Institute on Aging-Alzheimer's Association (NIA-AA) workgroups [10] or the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association [11] , or (3) mild cognitive impairment (MCI) based on the DSM-IV-TR or NIA-AA diagnostic criteria [12] . To be included in the study, patients needed to be receiving assistance from a caregiver 3 or more days a week, or cohabiting with them. Individuals with forms of dementia besides AD were excluded, as were those with comorbid major neurological or mental disorders.
ABC Dementia Scale
The ABC-DS uses a 9-point scale for each question item, with lower scores indicating poorer function (Fig. 1) . Evaluators question caregivers about their patient with a semi-structured interview. Anchor points are provided for points 1, 3, 5, 7, and 9, with typical symptoms defined in sentences. Raters can also select intermediate responses (i.e., points 2, 4, 6, and 8) for cases that seem to match two adjacent anchor points. For example, if a patient's condition equals both points 7 and 9, the evaluator selects point 8. The intermediate responses (i.e., points 2, 4, 6, and 8) do not contain scale descriptions in writing. Additionally, we added illustrations for points 3, 5, and 7 to make it easier for caregivers to associate them with their patient's symptoms. The total ABC-DS score is the arithmetic sum of the scores of the 13 items of the ABC-DS, and ranges from 13 to 117. A license for the ABC-DS can be purchased from the Mapi Research Trust (http:// mapi-trust.org/our-resources/questionnaires-distributed-by-the-mapi-research-trust/).
Instruments
In the present study, the ABC-DS was assessed for construct and concurrent validity, test and item information, intrarater reliability, and responsiveness to change. Several instruments were used to confirm the construct and concurrent validities of the ABC-DS. The patients were assessed by health professionals using the ABC-DS: 13.5% by doctors, 41.7% by nurses, 3.5% by clinical psychologists, and 41.3% by other kinds of healthcare workers. Cognitive function was assessed using the MMSE, BPSD with the NPI-D, and ADL function with the DAD. The patients were also assessed using the CDR, regarding both Global CDR and CDR Sum-of-Boxes (CDR-SB) scores. These standard dementia assessments were conducted according to their corresponding official manuals by a doctor or clinical psychologist other than the person administering the ABC-DS. The ABC-DS evaluator did not share his/her results with the person who conducted the standard dementia assessments, and vice versa.
Construct Validity
The ABC-DS item-level scores were subjected to factor analysis with oblique promax rotation to calculate factor loadings. The number of factors was identified, along with their constituent items, and their cumulative contribution rate was calculated.
Qualitative Assessment of the Item Contents Based on Item Response Theory
Item response theory is a statistical approach to develop survey instruments with high reliability [13] . This theory is typically used for sociological and psychological surveys, and the number of reports on its use in the development of assessment tools for dementia has been increasing since the 2000s [14] [15] [16] .
We applied a graded response model for each domain separately, assuming "unidimensionality within a domain," whereby the items would measure a single common trait of ADL, BPSD, or cognitive function. We evaluated the quality of the ABC-DS items utilizing the item response category characteristic curve (IRCCC), a technique known in item response theory [17] . In this method, each possible response ("level") for an item is graphed as a probability density curve to depict its likelihood of being chosen. In our case, the levels are a continuous variable that reflects statistically converted AD severity, and by noting how the severity changes, we can evaluate changes in the likelihood of each level being chosen.
To interpret the IRCCCs, we checked the following points: (1) the curves must be reasonably located, reflecting the order of the ordered categorical scale; (2) the difficulty parameter must be located between −4 and 4; (3) the locations of the curves must maintain a sufficient distance from each other; and (4) the steepness of the curves must be sufficient, while the discrimination parameter must be > 0.2 and < 4.0.
We used the R package ltm to analyze the IRCCCs [18] . However, as this package cannot handle 9-level items, the responses were adapted to 5 modified levels: level 1 for 1-2 points, level 2 for 3-4 points, level 3 for 5 points, level 4 for 6-7 points, and level 5 for 8-9 points. Each item was thus analyzed by the parameters describing the 5 probability density curves corresponding to the 5 levels, acknowledging loss of information.
Internal Consistency
The internal consistency of the ABC-DS was evaluated using Cronbach's α and ω reliability coefficients.
Concurrent Validity
Concurrent validity was assessed regarding correlations of the total ABC-DS score and each domain-level score with MMSE, NPI-D (both symptom scores and caregiver distress scores), DAD, CDR-SB, and Global CDR scores. Correlations with Global CDR scores were evaluated using polyserial correlation coefficients; Pearson's correlation coefficient was used for all other correlations.
Intrarater Reliability
The ABC-DS was re-administered to 218 participants who visited their clinics or hospitals 1 week after the initial assessment, by the same evaluator who carried out the first assessment. Weighted κ coefficients and 95% confidence intervals (CI) were calculated for the individual items. Intraclass correlation coefficients and 95% CI were calculated for the total ABC-DS score.
Predictive Ability of the Global CDR Score Using Receiver Operating Characteristic Curve Analysis
We performed receiver operating characteristic (ROC) curve analysis to investigate the sensitivity and specificity of the total ABC-DS score for discriminating the severity of AD defined by the Global CDR. We identified the most appropriate thresholds for the total ABC-DS score to discriminate AD severity using the R 3.1.0 statistical software with the ROCR package [18] .
The sensitivities and specificities at the thresholds were for CDR 0/0.5 versus 1/2/3, CDR 0/0.5/1 versus 2/3, and CDR 0/0.5/1/2 versus 3. In this analysis, we defined that the test is positive (indicating a better stage) if the total ABC-DS scores were above the threshold. The sensitivity and specificity were described as P(positive|positive) and P(negative|negative), respectively, where P(X|X) indicates the probability of a correct discrimination that the test diagnosed is X when the patient is truly at X; X could be negative or positive.
Twelve-Week Changes in Assessment Scores
The ABC-DS, DAD, NPI-D, MMSE, and CDR were re-administered to 227 participants who visited their clinics or hospitals 12 weeks after the initial examination. Differences between the scores on the initial test and those on the 12-week test were calculated, along with 95% CI. Moreover, coefficients of variation (standard deviation/mean) were calculated for each measure.
Statistical Analysis SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) and R version 3.1.9 were used for all statistical analyses.
Results
Patients
Initially, 327 participants were enrolled in the study. However, 3 of them were excluded after registration for being deemed ineligible to participate, while another 12 were excluded for being assessed with tests not stipulated in the study protocol. The analysis population thus included 312 participants, of which 63 had MCI (20.2%), 88 had mild AD (28.2%), 106 had moderate AD (34.0%), and 55 had severe AD (17.6%). The population included 126 males (40.4%) and 186 females (59.6%) and had an average age of 80.6 ± 7.1 years (mean ± SD). The patients had completed 11.11 ± 2.61 years of education (note: compulsory education lasts 9 years in the Japanese school system.). The patients' scores for MCI on the initial evaluation were as follows: DAD, 91.61 ± 16.76; NPI-D, 6.7 ± 9.5; MMSE, 25.8 ± 3; and CDR-SB, 2.33 ± 2.01. The patients' scores for mild AD on the initial evaluation were as follows: DAD, 74.33 ± 22.97; NPI-D, 8.2 ± 9.7; MMSE, 21.6 ± 2.9; and CDR-SB, 5.07 ± 2.32. The patients' scores for moderate AD on the initial evaluation were as follows: DAD, 63.46 ± 20.82; NPI-D, 11 ± 11; MMSE, 16.9 ± 3.8; and CDR-SB, 8.08 ± 3.33. The patients' scores for severe AD on the initial evaluation were as follows: DAD, 34.54 ± 27.6; NPI-D, 21 ± 17.5; MMSE, 6.9 ± 6; and CDR-SB, 14.46 ± 3.67.
Duration of Test Administration
The average amount of time required to perform each assessment was as follows: ABC-DS, 9.96 ± 4.79 min; MMSE, 9.77 ± 3.14 min; NPI-D, 15.37 ± 8.07 min; DAD, 11.43 ± 5.21 min; and CDR, 26.39 ± 9.84 min.
Construct Validity
Factor analysis grouped the 13 items of the ABC-DS into three domains containing highly intercorrelated items: domain A, related to ADL function; domain B, related to BPSD; and domain C, related to cognitive function (Table 1 ). These three factors had a cumulative contribution rate of 0.585. We also checked the four-factor and five-factor models. The four-factor model did not have any belonging item, with the largest factor loading at the fourth domain. The five-factor model contained only one belonging item in the fourth and fifth domain each. These findings are consistent with those in step 2 (data not shown). Accordingly, we concluded that having more than three factors was redundant.
Qualitative Assessment of the Items Based on Item Response Theory
The IRCCCs for the items in domains A-C are shown in Figures 2-4 , respectively. The curves for each modified level are colored as follows: level 1, black; level 2, red; level 3, green; level 4, blue; and level 5, light blue. In each domain, all items satisfied the preset criteria for the difficulty and discrimination parameters ( Table 2) . 
Internal Consistency
The ABC-DS had acceptable internal reliability (α = 0.915, ω = 0.921).
Concurrent Validity
Domain A scores were found to correlate with DAD scores, which also reflect ADL function (r = 0.674). Domain B scores were found to correlate with NPI-D scores, which also reflect BPSD (r = -0.644). Domain C scores were found to correlate with MMSE scores, which also reflect cognitive function (r = 0.698).
Total ABC-DS scores correlated with other measures as follows: MMSE scores (r = 0.747), NPI-D Symptom scores (r = -0.595), NPI-D Caregiver Distress scores (r = -0.540), DAD scores (r = 0.720), CDR-SB scores (r = -0.840), and Global CDR scores (r = -0.828) ( Table 3 ). These findings demonstrate strong correlations (i.e., |r| > 0.6) of total ABC-DS scores with scores on all the conventional rating scales examined, except for the NPI-D Symptom and Caregiver Distress scores. Particularly strong correlations were exhibited with CDR-SB and Global CDR scores.
Intrarater Reliability
Intrarater reliability was confirmed by comparing scores assessed by the same evaluator on two occasions, a week apart. The weighted κ coefficients were > 0.6 for all items except for Q8 and Q9 in domain 3 ( Table 1 ). The total ABC-DS scores had an intraclass correlation coefficient of 0.964 (95% CI: 0.954-0.972).
Predictive Ability of the Global CDR Score Using ROC Curve Analysis
Cutoff values for predicting Global CDR scores based on total ABC-DS scores were established using ROC curve analysis (Table 4 ). The following thresholds were calculated for discriminating between Global CDR levels: CDR 0/0.5 versus 1/2/3, ABC-DS threshold = If the total ABC-DS score is higher than the threshold, it is defined to be lower in severity. ABC-DS, ABC Dementia Scale; total ABC-DS score, sum of the scores of the 13 items of the ABC-DS; CDR, Clinical Dementia Rating; AUC, area under the receiver operating characteristic curve. 100.0 points (sensitivity 0.68, specificity 0.92); CDR 0/0.5/1 versus 2/3, ABC-DS threshold = 85.5 points (sensitivity 0.79, specificity 0.80); and CDR 0/0.5/1/2 versus 3, ABC-DS threshold = 70.5 points (sensitivity 0.89, specificity 0.97). The area under the receiver operating curve for CDR 0/0.5 versus 1/2/3 was 0.89, that for CDR 0/0.5/1 versus 2/3 was 0.88, and that for CDR 0/0.5/1/2 versus 3 was 0.97. We developed a simple chart for estimating Global CDR scores based on total ABC-DS scores (Table 5) . Table 6 shows the change in scores for each of the assessments 12 weeks after the initial evaluation. All measures except for ABC-DS domain B and NPI-D exhibited statistically significant changes at 12 weeks (p < 0.05). The absolute coefficient of variation of the total ABC-DS scores was lower than that of the CDR-SB scores, indicating that the ABC-DS possesses higher measurement repeatability and reliability.
Twelve-Week Changes in Assessment Scores
Discussion
This article describes the reliability and validity of the ABC-DS. Concurrent validity was established in relation to several conventional dementia scales (DAD, MMSE, NPI-D, and CDR). Furthermore, the ABC-DS domain-level scores were highly correlated (i.e., |r| > 0.6) The left column shows the ranges of the total ABC-DS score to estimate the Global CDR score. ABC-DS, ABC Dementia Scale; total ABC-DS score, sum of the scores of the 13 items of the ABC-DS; CDR, Clinical Dementia Rating. ABC-DS, ABC Dementia Scale; total ABC-DS score, sum of the scores of the 13 items of the ABC-DS; DAD, Disability Assessment for Dementia; MMSE, Mini-Mental State Examination; NPI-D, Neuropsychiatric Inventory -Caregiver Distress Scale; CDR-SB, Clinical Dementia Rating Sum-of-Boxes; Lower, lower band of the 95% confidence interval; Upper, upper band of the 95% confidence interval; SE, standard error; CV, coefficient of variation (i.e., standard deviation/mean). Table 5 . Estimation of Global CDR score by total ABC-DS score with the scores on the standard scales corresponding to the same dimensions of AD: domain A scores, which reflect ADL function, correlated with DAD scores; domain B scores, reflecting BPSD, correlated with NPI-D scores; and domain C scores, reflecting cognitive function, correlated with MMSE scores. Our results also confirmed the construct validity and intrarater reliability of the ABC-DS.
Clinical professionals in Japan often use assessments that can be administered in a short time, such as the MMSE and the HDS-R; however, these tests only measure cognitive function. In contrast, the ABC-DS can evaluate a patient in three domains -ADL function, BPSD, and cognitive function -in approximately 10 min. Therefore, we named it ABC-DS. Unlike with the ROSA, a similar tool, the ABC-DS protocol does not require the assessor to judge the severity of a patient's AD before assessment. Moreover, it contains illustrations, and it is accompanied by easy-to-understand instructions; specific training on how to administer it is not necessary. Another major advantage is the predictive ability of the total ABC-DS score with respect to the CDR. Although the sensitivity for discriminating subjects with CDR 0/0.5 from those with CDR 1/2/3 is lower (0.68) than the other, the ABC-DS is useful as an index for judging the change of treatment, because it can distinguish between mild AD and moderate or severe AD. Furthermore, in contrast to the CDR, the ABC-DS has the advantage that it can evaluate BPSD. If a patient with mild AD undergoing treatment with cholinesterase inhibitors exhibits gradual deterioration in symptoms, decisions on when to increase the dosage or add another medication are usually made based on the information obtained from the patient's caregiver or his/her MMSE or HDS-R score. By allowing healthcare professionals to screen for moderate or severe AD in a short time, the ABC-DS can facilitate making suitable adjustments to a patient's drug regimen at each stage of the disease. Furthermore, changes in symptoms and drug efficacy can be observed by both total and domain-level ABC-DS scores. Healthcare providers can obtain detailed information about patients' symptoms by observing changes in domain-level scores. Observing changes in domain-level scores can help healthcare providers in dealing with not only cognitive function and ADL but also BPSD, as well as in giving detailed information to caregivers.
Most of the standard dementia rating scales currently in use are only assessed in terms of a total score (i.e., a simple sum). When factor analysis supports a one-factor solution for a scale, and its Cronbach α and ω reliability values are very close to 1.0, it may be fair to regard it as one-dimensional and use the total score for measuring that single trait. However, when factor analysis demonstrates the validity of grouping question items into multiple domains, those domains should be regarded as capturing different qualities. Representing different qualities using a single, total score may be mathematically inappropriate. Most standard rating scales used in clinical practice today adopt the single-factor position. In some cases, however, researchers did not even perform factor analysis during the development of their instrument.
The present study has some limitations and future challenges. First, because the ABC-DS was developed for the Japanese, reexamination of its reliability and validity will be necessary when adapting it to areas with different cultural backgrounds. In particular, it is necessary to study whether the same illustrations can be used as anchor points in regions with different cultural situations. Second, the ABC-DS has been developed for AD patients, and its validity for assessing other types of dementia has not been evaluated. Third, this study did not enroll any cognitively normal participants, because the ABC-DS was developed for use on patients who need treatment. We did not evaluate the possibility of discrimination between normal and MCI subjects or normal and AD subjects. Fourth, this study did not examine situations wherein the caregiver being interviewed changes between observation points (e.g., a patient's spouse being interviewed in the first assessment, and his/her child being interviewed in the next). Fifth, since new computerized adaptive testing of cognitive abilities, such as the NIH
